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TECHNICAL NOTE NO . llS? 


FORMULAS FOE AUDIT lONAL-mSS CORRECTIONS 
TO THE MOMENTS OF INERTIA OF AIRPLANES 
By Frank S# Malvestuto, Jr. and Lawence J. Gale 


SlMvlARY 


Formulas are prosented for the calculation of the additional- 
mass correct] one i.o the mo.iients of inertia of airplanes. These 
foimulas are of particular value :’n converting;; the virtual moments 
of inertia of airplanes or models exir^erimentally deteriiiined in 
air to the true moments of inertia. A correlation of additional 
momentB of inertia calculated by these formulae with erper:* mental 
additional moments of inertia obtained from vacuum-chamber tests 
of 40 spin— tunnel models indicates that the formulas give satisfactory 
estimations of the additional moments of inertia. 


INTRODUCTION 


In stability investigations involving free-f light tests of 
dynamically scaled models or of full-*-sc8.1e airplanes it is necessary 
to know accurately the true moments of inertia of the model or 
airplane. In order to obtain the true moments of inertia of the 
model or airiolana the ezT>erimorjta]. moments of inertia, determined 
by the nenduluin method^ must be corrected for the effect of the 
surrounding air. The effect of this ambient air on the apparent 
moments of Inertia is usually small but may be as large as 25 ner— 
cent of the true moments of inertia for airplanes with low wing 
loading. 

The fundamental basis of the effect of the ambient-air mass on 
bodies undergoing acceleration has been de’^'-eloped in references 1 
and 2. References 3j and 5 present experimental data on the 
effect of the ambient— air mass on the moments of inertia of flat 
plates obtained by swinging the plates as an integral part of a 
pendulum. Reference 3 presents a method of correct‘*.ng the moments 
of inertia of a full-scale airplane for the airib:Ient--air mass effect 
by considering the projected areas of various components of the 
airplane: in planes normal and paral3.el to the piiane of symmetry and 
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applying to these projected areas the experimeritaily determined 
additional mcment-of-iner+'’a corrections for flat plates of finite 
aspect ratio. 

In the present paper^ fomuilao are present'^-i for the rapid 
evaluation of the ac1ditionr?.l-imss and nicmrnt-cf -im^tia correc- 
tions for airpla.nes that are svun^^ as an jntcpral -'^art of a pendulum. 
The method proposed in the prccedin^^ reports ha.s porerall;/' hecn 
confoiTacd ■^0 vith the o7:ception 1 hat '^ho airhient -"'ilr mass effect 
for parts of the airplane such as the fucolaae vr . 3 detcrralned 
theoretically from the rotion of cui ellipsoid In a thi'ee-dimcnsioncl 
potential flov. The method presented has hecn plied to hO complete 
dynamic airplane models prcviousl^^ tested and the re sults have 
heen compared vith the experimentally detormi.nei values. 

SYMEOIS 


For convenience in defining certain Gyrnhohs^ sketches for 
identifying dlLiensional parts of the airyilenv arr *p.ven in flrures 1 
anA The numerical values given In these flpuros are for use 
in an illustrative example that is suhnoquently rr-'-sented. 

h of surface (includes span of fuo^.lapo hetveen surface 

panels; for vertical tail see flp. 'T-O ) 

S area of surface (for vjng end horizcntnl tail Includes 

area of fuselage latvoen surface pcanols) 

A aspect ratio of surface (ht^s) 


C-u 

u 

C 

X 

r 

Lf 

w 

d 

I 


root chord of surface 

tip chord of surface - cjj 

mean chord of surface (S/h) 

plan-form taper ratio of eurface (c^/cv) 

dihedral of ving or horizonta.1 tail in degrees 

length cf fuse3-age (see fig. 1) 

geometric average width of fuselage 

geometric average depth of fuoela.ge 

component in plane of surface cf perpendicular distance 
between axis of rotation and centroid of area of surface 
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k 


distance from centroid of side area of fuselage to axis 
of rotation parallel to and In the plane of the X-axis 
(conveniently referred to herein as axis of X swinging) 

component of distance in the X-Y principal plane of 
fuselage of the perpendlcu3.ar distance "between the 
centroid of plan exea of fuselage and the axis of 
rotation parallel to and In the plane of the Y-axis 

distance from centroid of side area of fuselage to axis 
of rotation parallel to end in the pl^ane of the Z-axis 

dieteince from centroid of vertical -teiil a’^'ca to axis of 
rotation parallel to and in the plane of the X-axis 

componGnt of distance in the X-Y plane of fuselage of the 
perpendicular distance hetween the centroid of 
horizontal -tall area and the axis of rotation parallel 
to and in the plane of the Y -axis 

distance from centroid of vertical -tail area to axis of 
rotat ion for Z 'swinging 

ccmporient of distance in the X-Y plane from the centroid 
of area of v^ing to axis of rotation parallel to and in 
the plane of the Y-axis 

coefficient of additional mass of a flat rectangular plate 


k* coefficient of additional moment of inertia of a flat 

rectangular plate 


D taper-ratio correction factor 

"Dp di’hedral correction factor 

k^, k^, kp2 coofficienta of additional naas of equivalent 

elllpBcida for Eotion along the A-, Y-, and 
Z-axos, roapectlvely 


k* , k’^, k' coefficients of additional moments of inertia of 

equival-ent ellipsoids about the X-, Y-, and 
Z-axes, respectlve3-y 




add.ltional mass of a hody 



h 
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lo additional moment of Inertia of a "bcdv 

CL *' 

ly; I 7 moments of inertia atout X-, Y-, and Z-body axes, 

respectively 

lYa^ ^Z, total additional moments of inertia at cut 

^ X-, Y-, and Z-tody axee^ respectively 

S % S 7 total additional moments cf inertia at out X, Y, 
e, ^ ^ 2 . swinging axes, rcepoctlvely 

P density of air, slug per cubic foot 

Subscripts: 

W wing 

fus fuselage 

ht horizontal tall 

vt vertical tall 


PEYRLOPMSrn? OF EQUATIONS 
Vings and Tu.il Surfaces 


In order to evaluate the additional -mass c^ >rrecticris for the 
wings and tail surfaces of an airplane it was assumed that these 
Bui^faces were flat plates Pind that the additional -mass ccrrfictions 
previously obtained for flat plates (rofcrences 5 ^d 6 ) were approxi- 
mately correct for the wings and tail Biu-'i’aces. The additional 
mass of a wing or tail surface in tranalatory m^.'tion may be deter- 
mined from the following equation: 

where k, the coefficient of additional mass plotted in figure 3 
as a function of the aspect ratio, has been obtained by averaging 
the experimental results of KACA tests presented in reference 5* 

The values presented in references 3 and 5 for -i rectangular wing 
and those of the present analysis are assumed to to accurate for 
a tapered wing when considered as an equivalent rectangular wing 
of chord c . 
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The additional moment of inertia of a wing or tail surface 
rotating about its chord at the midapan is determined from the 
equation 


( 2 ) 

where k*, the coefficient of additional laomont of Inertia 
plotted in figvtre ^ as a function of the aepect ratio of the plate, 
has been obtained hy averaging the experimental results of NACA teats 
presented in reference Application of correction factors for 
the effect of dihedral angle and taper ratio gives the following 
equation: 

la - (3) 

The correction factors for the effect of dihedral angle and taper 
ratio on thc' values of the additional moments of inertia for flat 
plates as given in reference 5 are presented in figures 5 and 6. 

For rotation about a spanwlse axis through the centroid of 
area of the 8urfa.oe the additional moment of inertia Is given b.y 


where the aspect ratio used in determining k* from figure 4 is 
now 1 /A . 

For rotation about an axis displaced from the centroid of 
area of the surface, the additional moment of inertia about the 
axis of rotation may be found from the expression 


where l is the component in the plane of the surface of the 
perpendicui.ar distance between the axis of rotation and centroid of 
area of the surface. For example, the additional moment of inertia 
about an axis parallel to the chord of the surface is given by 




48 


k'c^b^ + ^ kc^bi^ 


(5) 



6 


MCA TIT llo. 1187 


Fuselage 


In order to evaluate the additional -mass and moment-of -inertia 
corrections for the fuselage it nay he assimed that the fuselage 
of an airplane can he approximated in shape hy an ellipsoid and 
that the values of additional ma.83 and additional moments cf inertia 
calculated for the ellipsoid are approximately coirect for a 
fuselage which lias the seme length and volume as the ellipsoid. 

That is, the maximum death and the maxiraimi width of the equivalent 


ellipsoid are equal, respectively, to j/ ^ 4 

fuselage where d and w are values of the 
width of the fuselage. 


and \l - w 


of the 


a T‘ 


depth and 


For a fuselage rjoving in a direction to one cf its 

principal axes in an jnviacld fluid, the additicnal niaso is detez'* 
mined from the oquatinxis of linear mo-raentum frU' tlie equivalent 
ellipsoid presented in reference 2* For motion along the Y and 
Z principal axes, the v^aluos of the additional mass in terms of 
the average denth ard width of the fuselage arc given, respectively^ 
ty 





and 




( 7 ) 


whore and k^.- , the coefficients of addl-'.J-ra] mass for linear 

motion along the Y- and 7 -axes, are pr;- sente d u; fig -. .to 7 as a 
function cf the I' n"- noss ratio in the- uL.' n ’j and the mar:imum 
depth -to- width m vlc of the equivalent ellipsrrid . 


The additional moment of Inei't’.a of a fiio. 
one of its piIix-Itull axes ip do h, L'mir from t: 
rctatl'/nal Ihr the ooui.v^ h' ict o'*’ to..''- 

r c f i' 0 I’ll e s ‘ T: d o . I r I’o h c 1 7 j. ’ l •> ■ ■■ h' ’ ’ t r e. y 

roypectlvely . tlie 'idi 1 mcTKar':e Inertl 

In terms "'f the average width and death cf t}io 


-I'ige rotating about 
io equal iono of 
'6 "at‘PGonted in 

. m-.v 1)0 exprovseed 
as 


I\r 


= -5 Pd 
5 


fi ^f 




(B) 



(9) 
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and 



whore the coofficienta of cdditlonal incanente of Inertia 

and presented in figure 8 as a function cf tho fineness 

ratio in the plan view find the raailmu^ depth -to- width ratio of 
tho equivalent ellipsoid. 


For rotations about roforenoe swinging ajeon displaced from 
but paa’ullel, respoctively, to the Y and Z princina.1 axes of the 
fus3l.age the values of the addition<al moments of Inertia may be 
obt iine(^ from equations (6) to (S) nnd the mcirj.ont-of -Inortla 
trjinsference equation 


I ’ r-’. I + m 7 ‘ 


as 


p _ _ _ Id' 


2\ 


Id ' \ 


and 


h ' 






^ .pr/Ij^Vi d 


( 10 ) 


( 11 ) 


For motion ^'J-ong and rotation about the X principal axis of 
the airplane, calc’ilations and theory show that thr values of the 
additional mass o.nl additional momonts of inertia are rolo-tivoly 
small; accordlng.ly , thry have not been considered In the folD.owlng 
equations for tho ectinntlon of the total additional racnents of 
Inertia of the airplane about its swinging axes. 


Complote Airplane 

The evaluation of the additional moments of Inertia for a 
complete airplane entails the applicatjons of equations (l) to (11) 
to the various portions of the airplane, which can be considered 
either as flat plates or ellipsoidal bodies. For each part of the 
airplane the value of the addltionfrl moment of inertia is computed 
about an axis through the centroid of area of the surface and 
parallel to the corresponding reference swinging axis by applying 
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the appropriate forms of equations (2), (3)> (-^); (8), and (9)* 

The total values of the additional mcments of inertia about the 
reference swinging axes are then obtained by usir^g the appropriate 
forms of the moment -of -inertia transference formulas (equations (5), 
(10) , and (11) ) . 

It has been found that ^ inasmuch as some terms of the resulting 
general equation for the complete airplane are small, approximate 
equations for additional moments of Inertia about each of the three 
swinging axes may be vjritten without sacrificing accv»racy. These 
approximate equations are: 



I 


Z 


t 


a 






+ P 


fk 




fus 


Itp 

h 



( 12 ) 


(13) 


(14) 


where, for convenience In making the calculations, S /b is 
substituted for c. 


An illustration of the application of the procedure to deter- 
mine the additional moments of inertia is giv::n in the appendix 
for a typical fighter airplane. The method of dc tcieninlng the 
various dimensions and areas is indicated on figures 1 and 2. The 
values of the terms loft cut of the approximate equations are 
also given and it may be seen that these terms arc ncgliglblo. 
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Comparison of Experimental and Calculated Eesults 

An estimte of the accuracy of the eqviations (12) to (l^i) 
used in calculating the adciitional moments of inertia may he 
obtained hy inspection of fifpirea 9 to 11 in •'jhich the calculated 
values are plotted against the expei*imental values which were 
determined hy swinging the models in a vacuum chamber as described 
in reference 5« The agreement is good since the experimental 
errors may have been as high as 90 percent of the tiue values, 
which were only a small percentage of the total values of the 
moments of inertia measured with respect to the swinging axes. 

A comparison of the experimental values of the t»tal moments 
of inertia about the body axes with the additional moments of 
inertia about the axes of rotation is presented in table I. This 
table indicates that with a swinging gear similar to the arrange- 
ment shorn in figure 1, the ad^ditional moments of inertia probably 
de not exceed, in the majority of cases, 25 percent of the true 
momenta of inertia a.bout the body axes. 


SUMMARY OF RESULTS 


Formulas have been developed for the estimation of the addi- 
tional moments of inertia of airplanes or airplane models. A 
correlation of the experimental data on Uo models indicates that 
the satisfactory estimations of the values of the moments of Inertia, 
due to the ambient-air effect, may be determined by means of these 
formulas . 


Langley Memorial Aeronautical Laborator 3 ’’ 

National Advisory Committee for Aeronautics 
Langley Field, Va., October 15, 19*1-6 
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.APPENDIX 


EXAMPIE OF ME1H0D FOR C.ALCULATING TIE ADDITIONAL 
MOMt^lNTS OF INERTIA ABDTJT THE EEFPRSNCE SIOTGING 
A;^FS FOR A TYPICAX FIGHTER AIRPLANE 


Perttnont da ta. - In ordor to llluatrato tho use of tlie fomnlao 
presented In the text, otilcul-atlona aro prosonted fcT a t^fpical 
fighter airplane. Figure 1 la a sketch of the airplane in position 
for svlnging. 

Pertinent coefficients and dimensional data for the airplane 
ere as follova: 


Wing: 

Area, S, oq ft 

Suon, h, ft . , 

Aspiect ratio, A 

Moan chord, c, ft (S/b) 

Conponent of d‘'Bt"ncf; in the X-Y plane from centroid of 
of ving to Y-axlB of rotation, ft 

Taper ratio, X 

Dihedral , P , de g 

Additional naoo coefficient, k (from fig. g 

for A * 5.9) '1 

A.ddi ':.:;r ;;;J .,1' '1 r t-' f ■■ iaortio: coof f Ic’ r n.t , K ’ , for the 
X L-'.'- ! fr: I'lg. !{• lor A 

For tiu:, F e- ;F: tno rc.cip:-':-C'il ox the .■■rpcct 

/ ' 

. . / 

, "c tc rial nciiKxt-cf~ 

i:e:r-Va c,-,- f Fm ait k* from fFe-jC'" k 

Tapee -rotFo Cl.. F-m n, (.! e :r. g, 6 ) 

Diho lxai cox'rjcxion, Dj^n (fren t’xg. F) 


220 

36 

5.9 

6.1 

1.6 
. 1 .66 


. . 0.95 

. . 0.38 


. . 0.12 
. . 0.86 
. .0.96 


Fuse Ir go: 
Lon gPi j 


•■a, 


ft 


Avera ge vTdth, w, 
Avorc-A'c depth, d., 
Diat oaco fnem oentr 
X->ocis of rctat.t 

Component of ■.lieT-'n 
area of fuscT.age 


ft 

ft 

old of side area of funclagc to 

^f^> 

■Cn in X-Y^ plnne fi'en coi.trold. of top 
to Y-axis of rotation, ’f,, , ft ... . 


2?. 9 

g.kO 

3.85 

7.68 


4,50 
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Fuselage - Continued; 

Distance from centroid of side area of fuselage to 
Z-axis of rotation, lfr,> ft . 


Additional moment -of -inertia coefficients 
obtained from the width-depth ratios and 
fineness ratio of the fuselage (fig. 7) 


Additional moment -of -inertia coefficients obtained 
from the width-deptVi ratios and fineness ratio of 
the fuselage (fig. 0) 


Horizontal tall: 

Area, S, sq ft 

Span, b, ft 

Aspect ratio, A 

Moan chord., c, ft (S/b) . . . 

Cc^mporent of dletance in the X-Y plane from centroid 
of area of horizontal tail to Y-axis of 


rotation, 

Additional mss coefficient, k, (from fig. 3) . . . 

Addltio'.'il noment-of -inertia coefficient, k* , for 
the X avr^nging (from fig. for 


For the Y swinging the reciprocal of the aspect 


I 1- \ 

ratio ' — 

'.3.7, 

of - 1 ner t j, a c oe 
Taper ro.tlo, X 


is used to give an additional mcment- 
fficlcnt k’ from figure . . . 


Taper- ratio correction, Dj^ (from fig. 6) 


Vertical tail: 

Area, S, sq ft 

Span, b, ft 

Aspect reitio, A 

Moan cbo-.-’d, c, ft (S/h) 

Di&tnnce from centroid of area to X-oxis of 

rotation, ft 

Distance from centroid of area, to Z -axis of 

rotation, ft 

Additional mass coefficient, Ic (from fig. 3) . . . . 
Additional momont-of -inertia coefficient, k* , for the 
X swinging (frem fig. k for A 1 . 04 ) 


19.1 


1.04 

0.36 


0.89 

0.94 


34.7 

11.5 

3.7 

3.1 

15.8 

0.90 

0.78 


0.18 

1.73 

0.8s 


20.2 

4.6 

1.0 

4.4 

^+•3 

30.6 

0.59 


0.41 
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Vertical tall - Continued; 

For the Z swinging the reciprocal of the aspect 

ratio is used to give {in additiomil moment -of - 

Inertia coefficient k from figure 4 

Taper ratio, X 

Tapor-ratlo correction, (from fig. 6) 


0.40 

3.0 

0.72 


X- aziB »- The additional moment of Inertia about the X swinging 
axis (shown in fig. 1) is obtained from the approximate equation (12) 
as follows; 




(Al) 


Substituting the proper tabulated values in equation (Al) gives 

[( 0 . 88 ) ( 0 . 86 ) ( 0 . 88) (22 

+ [(0.002378) (1.04) (23.5) (3.40) (3.85) (7.68)^! 


•fus 


. (185.66)^ + ( 45 ). 


:U3 


= 231 8lug-ft" 


(A?) 


The value of I,- ® detoi’minefl exporlmontallv was 269 slug-feet^. 

The exact equation for the additional, moments of inertia 
about the X swinging axle contains the following terms, a numerical 
evaluation of which gives quantities tha.t are Indicative of the 
relatively small magnitude e of these terms; 


( 0 . 78 )(o, 85 )(l)( 34 . 7 ) 2 f]l . 5)1 

jht 


1.47 slug-ft*^ 


(A 3 ) 
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cs 


r ~3 • *^^2378) / 1 \/ \/ \?/i 

= 5 ' (o. 41)(0.72)(20. 2)2(4. b) 


= 0.089 Blng-ft^ 


/ 2 

^ r ib I, 


i 3.14(0.002378) 


(0.59) 


( 20 . 2 )' 


(^.3)‘ 


= 1.81 elug-ft^ (x^) 

Y-axls . - The additional moment of Inortia a"boiit the Y ewlnglng 
exle (ehovn in fig. l) io ottalned from the approximate equa- 
tion (13) as follows: 

p / Lp2 3ci2\ j ^ 


pn f g 2 2 

1 ; (>^ t »ty 


Substituting the proper tabulated values in equation (a 6) gives 


^ _ !o.. 002378 


(o. 89 )( 23 . 5 )( 3 .‘^ 0 )( 3 . 85 ) 


.85, . 7-.( 


+ : (0.002378) (0.86) (23. 5) (3. 4 o)( 3. 85) ( 4 . 90) ‘J 


3-14(0.00237^70.90(34.7)2 o 1 

+ j (15.8) > 

I J 
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- 76 slug-ft^ (A7) 

The value of ditennfned experimonta.ll;; wae 1^3 slu^^-foet^. 

Tlie exact enuation f^r the additional ^ncmonto of inertia 
about the Y eo’infhn.J axis contaii^e the follrv^inrf toms, a numerical 
eval uation of which quantities thet o re Indicative of the 

re 1 a t i vc 1 v smal 1 i t n de r of the s o t e nas : 


on , p \ 

-5 


ft- l 4 (o.noP 3 Y?) 


43 


(0.12) (0.36) (0.96) (230)^(3.1) 


= 4.56 8 li; 3 -ft'' 


(A8) 


pit / 

4 




It 3, 21 J '-’M2.00237n'|o.92('>20)- tl! 

■■■■* I- 15 -* 

L i w 

=■ 6.11 slnrr-ft- 


(A9) 


ti 


3.14(0.002178), 

-- (0 . 18) (0 . 6?) ( n ( 3 4 . 7) - ( 3 . n 

4o 


= 0.089 Elu{.;-ft^ 


(AlC) 


" T-ie additional moment of inertia ahnrt the Z» cvin;?lng 
iixin (ehot.-n in fig. 1) is obtained from the arpi'' 'Xiir.-te equation (l4) 
as lollcws: 
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Lf . 3t« 




pit / s2 \ 


(All) 


Suhstltuting the proper tahuJ-atei val-aos tn egu.atlon (Ml) gives 


a ! ^ L 4 


+ J ( 3 .M' 1 > 

JlfUS 


[fo,oo?378)(l.olt)(23.AK3.U)(3.85){i9.1)^J, 


3. l-’l(0. 002378) I 0.59(20.2)' 


(30.6)' 


' 09.70)., „ + (2/7.65)r„„ + (91.63),., 


389 SlUg-ft'" 


The value cf * determined experimentally was ?46 slug-feet*^. 

The exact eqnatlDn for the additional moments cf inertia 
about the Z avln^^ing ouxls contains the following term, a numerical 
evaJaratJcai of v.uicji gives a quantity that is indicative of the 
relatively 3m:J-l magnitude of this term: 




■ (0.Ja)(0.72)(20.2)‘^(U.4) 


= 0.08t) alu 


(AI3) 
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T.''JBLE I. - COt<IPi\RISOK OF THE EXPEEIJ^EMAL TCTAT, VM.NFS OF THE MO^TG 
OF H®RTIA ABOUT THE BODY AXES AND THE ADDITICNPiL MOMENTS OF 
IREBTIA ABOUT THE AXIS OF ROTATION OF THE COMPOUND PENDULUM 
OF 40 FifflE -SPDTKIFG AIRPL.\1'IE: MODELS 


jj^aluee are In gr-in.*^ | 


Airpj.ane 

model 

Model 

Bcalo 


h * i 

I 

h 1 

t 

Iv ^ 
"a 

... 

T 1 

-Za 

XSB 2 U -1 

1/16 

6,520 

1160 

* — 

1J|,082 

3 Q 3 

19,217 

2088 

BT -9 

1/16 

5,280 

717 

7,452 

344 

11,260 

1270 

P -35 

1/18 

3,195 

300 

4,681 

160 

7,095 

385 

XOS 2 TJ -1 

1/16 

4 ,o 44 

877 

10 , 190 ' 

859 

13,234 

1849 

P-36A 

1/20 

1,327 

232 

2,937 

79 

3,962 
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Fig. 1 



Appro;^imafe centroid 
fu5e/age area 


t Elevator h/ngc 


Appro)umafe centroid 
horizontal tad area 

d.40' Average 
fuse /age width, w 


Af^roximote centroid 
\fvmg area 


-Ax IQ of rota t wn for Y s winging 



/ Ax is of rofot/on for A swing/ng 
An 5 of rotaf/on 


rnns 07 rora//on ^ ,j 

J for Z swinging n . 
1 ^- !9. OPf/y^J 


3.35 'Average 
fuselage depth ^d 





i. Rudder hinge 

Approximate centroid 
vertical tad area 


— Approximate centroid 
fuselage area 


NATIONAL ADVISORY 
COMMITTEE FOft AERONAUTICS 


Figure 1.- Sketch of a typical model showing dimensions necessary for 
the calculation of the additional moments of inertia. All dimensions 
are full-scale values. 
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Fig. 3 



Aspect ratio of plate, A = -^ 


Figure 3.- Coefficients of additional mass for rectangular plates 
Curve is average of NACA 1933 and 1940 tests. (Reference 5.) 





plates. Ciirve is average of NACA 1933 and 1940 tests. (Reference 5.) 
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Fig. 5 


n p - dihedral 

* flat plate 

QO h 


A 






? 

C 

0 / 









x/i 

AZ 
































( 

NATI 

COMMIT' 

1 

lONAL , 
FEE FOR 

ADVISO 

AERONA 

RY 

UTICS 


t 1 i I L 1 1 1 ) 

o 2 ^ e 
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Figure 5.- Variation of the additional moments of inertia of a 
single plate with dihedral angle; A = 4 (reference 5). 
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Fig. 7 
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Figure 7.- The variation of the coefficients of additional mass 
kfY and with the fineness ratio of an equivalent ellipsoid 
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Fineness ratio of equivalent ellipsoid 

Figure 8.- The variation of the coefficients of additional moment 
of inertia k ' fY fineness ratio of an equivalent 
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Figure 9. - Comparison of the experimental and calculated model values 
of the additional moments of inertia about the X swinging axis for 
40 free -spinning models. 
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Fig. 10 
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Figure 10.- Comparison of the experimental and calciilated model values 
of the additional moments of inertia about the Y-swinging axis for 40 
free -spinning models. 
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Fig. 1] 



Figure 11.- Comparison of the experimental and calculated model 
values of the additional moments of inertia about the Z swinging 
axis for 40 free -spinning models. 











